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Theoretical study of photoinduced singlet and triplet excited states
of 4-dimethylaminobenzonitrile and its derivatives
Xuefei Xu, Zexing Cao,a! and Qianer Zhang
Department of Chemistry, State Key Laboratory of Physical Chemistry of Solid Surfaces,
Xiamen University, Xiamen 361005, China
sReceived 23 November 2004; accepted 28 February 2005; published online 16 May 2005d
Singlet and triplet low-lying states of the 4-dimethylaminobenzonitrile and its derivatives have been
studied by the density functional theory andab initio methodologies. Calculations reveal that the
existence of the methyl groups in the phenyl ring and the amino twisting significantly modify
properties of their excited states. A twisted singlet intramolecular charge-transfer state can be
accessed through decay of the second planar singlet excited state with charge-transfer character
along the amino twisting coordinate or by an intramolecular charge-transfer reaction involved with
a locally first excited singlet state. Plausible charge-transfer triplet states and intersystem crossing
processes among singlet and triplet states have been explored by spin–orbit coupling calculations.
The intersystem crossing process was predicted to be the dominant deactivation channel of the
photoexcited 4-dimethylaminobenzonitrile. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1895673g
I. INTRODUCTION
In recent years, organic molecules with the nonlinear
optical and electro-optical properties have attracted consid-
erable attention due to their potential applications in the mo-
lecular devices of future technologies, such as electro-optical
switches, chemical sensors, and fluorescence probes.1–4
Structurally, the class of molecules has electron donor and
acceptor groups on opposite sides of the molecules, and a
central moiety of highly delocalizedp-electron system links
both groups.5
4-dimethylaminobenzonitrilesDMABN d and its deriva-
tives as typical donor–accepter systems have been studied
extensively, both experimentally and theoretically. They ex-
hibit the dual fluorescence phenomenon,6 a normal emission
band, and a redshifted emission band. The redshifted band
strongly depends on the polarity of solvents, while the nor-
mal band is less solvent-dependent.5 An equilibrium intramo-
lecular charge transfersICTd reaction from a locally excited
sLEd state to an ICT state has been used to interpret the dual
fluorescence phenomenon,7–9 in which the LE state is re-
sponsible for the normal fluorescence and the ICT state af-
fords the redshifted fluorescence band.
To rationalize the dual fluorescence phenomenon of
DMABN, quite a few models have been proposed and
assessed.10–26 At present, a twisted ICTsTICTd model by
Grabowski and co-workers10,11and an alternative planar ICT
sPICTd model by Zachariasse and co-workers14–17are widely
used in explanation of the ICT mechanism in DMABN. Al-
though a number of experimental14–17,25–27and theoretical
studies19,21,28 have been performed to explore the ICT
mechanism on the basis of both models, a define distinction
between the TICT and PICT models is not achieved yet.
Recent calculations28 predict the existence of the intersection
of the LE and ICT states at the NMe2 twist angle of 52°fRef.
s28saddg s,50° fRef. s28sbddg, and the TICT state is calcu-
lated lower in energy than the planar charge-transferCTd
state.
In comparison with the well-studied ICT mechanism on
the singlet potential energy surface, knowledge of the
charge-transfer triplet state is quite limited for DMABN.
Most previous experimental and theoretical studies suggest
that the lowest triplet state of DMABN is a planar non-CT
triplet state with the character of3spp*d,12,13,18,29–35irrespec-
tive of the solvent polarity, and no evidence for a twisted
intramolecular charge-transfer triplet states3TICTd was
found in the deactivation process of the singlet excited state.
Nevertheless, the nanosecond time-resolved infrared spectro-
scopic experiments by Hashimoto and Hamaguchi36 detected
two distinct transient species in polar solvents, i.e., the
3TICT and1TICT states; but only the non-CT triplet excited
state was observed in nonpolar solvents. The room-
temperature nanosecond/microsecond laser-flash photolysis
and low-temperature phosphorescence studies by Chatto-
padhyay and co-workers exhibited experimental evidence of
the coexistence of two triplet states for DMABN in polar
solutions.37 The lowest triplet states3T1d has a high negative
charge localization on the cyano group, regardless of the
solvent polarity.38–40
The controversy about the nature of the lowest triplet
state and existence of the3TICT chiefly arises from the lack
of knowledge in electronic and geometric aspects of
DMABN. In the present work, we performed extensively
theoretical calculations on DMABN and its derivatives 4-N,
N-dimethylamino-3-methylbenzonitriles3MDMABN d and
4-N, N-dimethylamino-3, 5-dimethylbenzonitrilesTMABN d.
adAuthor to whom all correspondence should be addressed. Electronic mail:
zxcao@xmu.edu.cn
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Properties of their low-lying singlet and triplet states were
explored. Photophysics and photochemistry of DMABN con-
cerning the ICT reaction are discussed.
II. COMPUTATIONAL DETAILS
Geometry optimizations and vibrational analyses for the
ground states of DMABN, 3MDMABN, and TMABN have
been performed by the density functional theorysDFTd with
the Becke’s three-parameter hybrid exchange functional and
the Lee–Yang–Parr correlation functionalsB3LYPd.41,42 In
optimization of a twisted geometry of DMABN, the
C2v-symmetry restriction is implemented. Vertical transition
energies for selected species were calculated by the time-
dependent DFTsTDDFTd43 method at the optimized ground-
state geometry. The B3LYP functional was used in the
TDDFT calculation, which can improve the theoretical treat-
ment for electronic transitions of CT character.44a Validation
of TDDFT in calculating excitation energies for charge-
transfer excited states of such conjugated analogues was ex-
tensively discussed by Jödicke and Lüthi.5,21 The average
deviation between B3LYP and experimental CT excitation
energies is within 0.15 eV.
In the calculation for the ICT reaction path and the dual
fluorescence mechanism of DMABN, the complete active
space self-consistent-fieldsCASSCFd44b method was used to
locate the ground state, LE, and CT states in planar and
twisted structures. The conical-crossing geometry of the LE
and CT states along the ICT reaction coordinate was deter-
mined by the state-averaged CASSCF method.
In all CASSCF calculations, the CASSCF active space
consists of sixp orbitals perpendicular to the molecular
plane and apCN
* orbital in the molecular plane for the planar
species. For the twisted structure, five orbitals perpendicular
to the molecular plane, an amino nitrogen lone pair orbital,
and apCN
* orbital in the benzonitrile plane are considered.
Six relevant valence electrons are allowed to distribute into
the seven molecular orbitals, denoted as CASs6,7d. The
6-311G** basis set is employed in all DFT and CASSCF
calculations byGAUSSIAN 98 package.45
In consideration of computational practicability, the
spin–orbit couplingsSOCd was calculated within a one-
electron approximation by the configuration interaction ap-
proach inGAMESS program package.46 The CASSCF opti-
mized ground-state geometries are used in the SOC
calculation for the singlet–triplet and triplet–triplet transi-
tions.




in which DE=Ea−Eb refers to the electronic energy differ-
ence in atomic units between the two states andD is the
transition moment in atomic units.47 The corresponding life-
time t sin secondsd is given by Eq.s2d in which ñ is the





III. RESULTS AND DISCUSSION
A. The low-lying excited states DMABN, 3MDMABN,
and TMABN
The optimized structural parameters of DMABN,
3MDMABN, and TMABN in the ground state and twisted
DMABN by B3LYP are displayed in Fig. 1.
The ground state of DMABN has a nontwisted near pla-
nar structure with a small pyramidalization anglev of 6.5°
sScheme 1d
of the amino nitrogen at the B3LYP level. B3LYP optimized
bond lengths are in good agreement with the experimental
values.48,49 In comparison with the planar ground state of
DMABN, its twisted form has a longer C4 –N7 bond owing
to an electronic decoupling between the lone pair of the
amino nitrogen and thep electrons in the phenyl ring.
The sterically hindered molecules 3MDMABN and
SCHEME 1. The schematic representation of the twist angleu and the
pyramidalization anglev of the dimethylamino group. The anglev is de-
fined as the dihedral angle between the benzonitrile plane and the C-N-C
plane of the dimethylamino group.
FIG. 1. Optimized ground-state geometries of DMABN, 3MDMABN, and TMABN by B3LYP.
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TMABN have amino-twisted optimized geometries in their
ground states. 3MDMABN has an amino twist angleu of
46.6° and anv angle of 36.3°, and TMABN has a larger
twist angleu=65.4° and a smallv of 16.5° due to the pres-
ence of another ortho methyl. The optimized geometry of
TMABN is coincident with those by the x-ray analysis.50a
TD-B3LYP vertical excitation energies, available experi-
mental data, corresponding oscillator strengths, and an exci-
tation character for selected excited states of DMABN and
its derivatives are collected in Table I. Relevant molecular
orbitals involved in these electronic transitions are plotted in
Fig. 2. As Table I displays, TD-B3LYP excitation energies
show good agreement with previous theoretical and experi-
mental data available.13,28sbd,31,50sbd,51,52
Inspection of results in Table I reveals that the vertical
transition energy of thepdonor→pacceptor* sNdonor→pacceptor*
for the twisted DMABNd electronic excitation to the singlet
CT states1CTd significantly decreases from 4.71 to 3.21 eV
with an increase of the amino twist angle, going from
DMABN s0°d, 3MDMABN s46.6°d, TMABN s65.4°d, to the
twisted DMABN s90°d. In 3MDMABN, TMABN, and the
twisted DMABN, the1CT state is lower in energy than the
singlet LE states1LEd from the pdonor→pphenyl* sNdonor
→pphenyl* for the twisted DMABNd electronic transition. The
calculated oscillator strengths for1LE and 1CT states also
gradually decrease from DMABN, 3MDMABN, TMABN,
to the twisted DMABN as shown in Table I.
In 3MDMABN and TMABN, some excited states, espe-
cially for certain triplet states, are essentially contributed by
multiple electronic excitations, which may be ascribed to the
lower symmetry as shown in the work of Bulliardet al.31
The presence of nearly degeneratepmoleculeandpphenyl orbit-
als in both 3MDMABN and TMABN also enhances the ad-
mixture of relevant configuration-state functions. It is
noteworthy that the predicted highest occupied molecular
orbital-lowest unoccupied molecular orbital
sHOMOdonor–LUMOacceptord gap gradually decreases as the
amino twist angle increases. This is consistent with the rela-
tive energies of the CT excited states in DMABN and its
derivatives.
The first triplet states3T1d in these species arise mainly
from the charge-transfer excitations, which are quite close in
energy. The singlet–triplet energy splitting from the CT ex-
citation in DMABN and its derivatives decreases from
1.55 to 0.03 eV as the amino twist angle increases from 0° to
90°.
Present calculations show that the1CT state in TMABN
is lower in energy than the1LE state by 0.52 eV and such
relatively high stability of the1CT state makes the redshifted
fluorescence observable in a vapor.51 For 3MDMBN, the
1CT state is only 0.12 eV in energy lower than the1LE state.
The normal and redshifted bands arising from1LE and1CT,
respectively, thus overlap due to the small energy gap in the
case of 3MDMABN and they become unidentifiable as ob-
served in the vapor phase.51
Predicted excitation energies in Table I indicate that the
substitution of methyl for hydrogen as well as the amino
twisting in the phenyl ring significantly influences the singlet
excited states while triplet states are less affected. In particu-
lar, the energy order of the singlet1LE and 1CT states in
TABLE I. Vertical transition energiesin eVd and oscillator strengthssfd for
the selected low-lying excited states of DMABN and its derivatives.
Species Property 1LE 1CT 3T1
3T2
DMABN Charactera pd→pp* pd→pa* pd→pa* pd→pp*
DEb 4.46s4.25d 4.71s4.56d 3.16s3.36d 3.72s3.5d
f 0.03 0.53 0 0
3MDMABN Character pd→pp* pd→pa* pd→pa* pd→pp*
DE 4.54 4.42s4.35dc 3.15 4.00
f 0.01 0.29 0 0





DE 4.49 3.97s4.09dd 3.13s3.48de 4.01
f 0.00 0.12 0 0
Twisted
DMABN
Character Nd→pp* Nd→pa* Nd→pa* pm→pa*
pp→pp*
DE 3.95 3.21 3.18 3.42
f 0.00 0 0 0
aMolecular orbitals refer to Fig. 2; subscript abbreviations:d: donor; a:
acceptor;p: phenyl;m: molecule.
bThe experimental values in parentheses from Ref. 31.
cSee Ref. 51, in vapor phase.
dSee Ref. 51, the absorption maximum in heptane.
eSee Ref. 31.
FIG. 2. Selected molecular orbitals of DMABN in the ground state and its
twisted form.
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3MDABN, TMABN, and the twisted DMABN is changed in
comparison with DMABN, whereas the3T1 state remains in
the range of 3.13–3.18 eV.
B. The ICT reaction and dual fluorescence
mechanism in DMABN
1. Low-lying states in the ICT reaction
CASSCF optimized geometries of the ground state, the
first two singlet excited states1LE and 1CT in planar and
twisted conformations, and the1LE–1CT conical intersec-
tion are shown in Fig. 3. For comparison, B3LYP optimized
geometries of the ground state are incorporated into Fig. 3.
Relative energies and dipole moments of these low-lying
states are given in Table II.
As Fig. 3 displays, the CASSCF optimized bond lengths
of the planar and twisted structures of DMABN in the
ground state are similar to those by the B3LYP approach.
However, the CASSCF geometry reveals a large amino ni-
trogen pyramidalization angle of 28.2° in the ground state.
The 1LE state was found to be nearly planar structure by
CASSCF, which is consistent with the result of the rotational
contour analysis of theLb bands by Salgadoet al.
53 There is
much controversy for the geometrical structure of the1LE
state both experimentally and theoretically.28,48,54–56In gen-
eral, the1LE state is suggested to have a twisted structure
with a twisted amino angle of,30°.28sad,48,56 The infrared
spectroscopic study by Kumrowet al.57 points out that only
a planar conformation is in accord with the experimental
observations.
The second singlet excited state from the charge-transfer
excitation,1CT, has an overall planar structure, which has a
large dipole momentsm=14.2 Dd. The planar1CT excited
state has a very small pyramidalization anglesv=4.7°d,
which allows strong conjugation between the amino and phe-
nyl ring, leading to a quinoidal electronic structure.
Similar to the planar1CT state, the twisted form of the
1CT state has a large dipole momentsm=14.4 Dd. As shown
in Fig. 3, the CASSCF optimized CN triple bonds of the1CT
state in planar and twisted structures are longer than that of
the ground state. This agrees with a large downshift of
120 cm−1 for the CN stretching frequency observed by Hash-
imoto and Hamaguchi on going from the ground state to the
intramolecular CT state.36
Time-resolved resonance Raman spectroscopic studies58
reveal that there are frequency downshifts of,96 cm−1 for
the Ph–N bond and,37 cm−1 for the NsCH3d2 stretch mode
from the ground state to the intramolecular CT state. These
observations support that the intramolecular1CT state has
slightly longer Ph–N and N–CH3 bonds than the ground
state. From the CASSCF optimized geometries displayed in
Fig. 3, we notice that only the twisted1CT state has an
optimized geometry, in tune with observed frequencies,
whereas the planar1CT state has almost the same Ph–N and
N–CH3 bond lengths with the ground state. Furthermore, the
twisted1CT state is significantly more stable than the planar
1CT state by 1.09 eV at the CASSCF level of theory. In
FIG. 3. Optimized geometries of se-
lected low-lying singlet states of
DMABN.
TABLE II. Relative energiesseVd of the low-lying singlet states and dipole
momentssin Dd of DMABN by CASSCF.
Twist angles0°d Twist angles90°d
DE ma DE ma




3LE 4.57 8.60 3TICT 3.98 14.33
1LE 4.69 6.25s6-11d 1TICT 4.00 14.39s14-20d
3T3 4.71 7.19
3TLE 4.49 13.95
1CT 6.05 14.16s11-17d 1TLE 4.52 13.94
aValues in parentheses from Ref. 5.
bGS refers to the ground state.
cTGS stands for the twisted form of the ground state, which is less stable
than the planar form by 0.96 eV at the CASSCF level.
d3TT1 refers to the lowest twisted triplet state.
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consideration of the facility of the amino rotation in
DMABN, the twisted1CT state should be the energy-favored
structure for the intramolecular CTsICTd state, denoted as
1TICT. The stability of the1TICT state can be enhanced in
polar solvents.
2. The ICT reaction and dual fluorescence
mechanisms
At the 0° twist angle of the amino group, the LE and CT
singlet excited states correspond toS1 and S2, respectively;
but this energy order flips at the twist angle of 90°. The twist
of the amino group not only modifies the relative energies of
both states significantly, but also enhances the charge sepa-
ration in the low-lying states due to electronic decoupling
between the amino and the phenyl ring. Therefore, the twist
angleu of the amino group can be served as the ICT reaction
coordinate to discuss the mechanism of the ICT reaction and
the dual fluorescence.
The conical intersection of the1LE and 1CT potential
energy surfaces is located at the twist angle of 48.5° along
the ICT reaction coordinate by the state-averaged CASSCF
calculation. The optimized twist angle agrees with previous
results of,52° by Rappoport and Furche28sad and ,50° by
Köhn and Hättig.28sbd The predicted geometry of the conical
intersection inC2 symmetry is incorporated into Fig. 3. The
potential energy profiles versus the twist angleu for the
ground, 1LE, and 1CT states of DMABN are presented in
Fig. 4. In the crossing region of the1LE and 1CT states, the
transition between the two states can be expected as a result
of strong vibronic coupling.
On the basis of current calculations, the plausible
mechanism for the photoinduced ICT and the dual fluores-
cence can be rationalized as follows:
sid GS +hn → 1CT, GS +hn → 1LE, s3d













As Fig. 4 displays, DMABN in the ground statesGSd is
excited to the1LE and 1CT states. Owing to the large oscil-
lator strength of 0.53 for the electronic excitation to the1CT
statesTable Id, DMABN is easy to populate to the1CT ex-
cited state. The lifetime of the1CT state determined by the
SOC calculation is very shorts,10−9 sd. The 1CT state is
thus not stable enough to emit fluorescence, and it may decay
to the more stable1LE state with the lifetime of,10−8 s
through nonradiative internal conversionsICd process. The
1LE state emits the normal fluorescence back to the ground
state. Accidentally, the1CT state evolves to the more stable
twisted form 1TICT through the conical intersection of the
1CT and1LE potential energy surfaces. The1TICT state will
ccount for the long wavelength fluorescence. The1TICT
state also can be formed via the ICT reaction from1LE to
1TICT.
Parusel, Rettig, and Sudholt have compared theoretical
calculations on DMABN by different methodologies.59 They
conclude that CASSCF is feasible in determining geometry
and dipole moments in comparison with the experimental
data, but it could overestimate the relative energy due to
neglect of the dynamic electron-correlation. Present
CASSCF calculations also suffer such a problem to overes-
timate the absorption and emission energies of1LE and
1TICT states. However, the predicted ICT reaction energy
s1LE→ 1TICTd is about 6 kcal mol−1 by CASSCF, in accord
with previous studies.59,60 The ICT reaction is thus slightly
an endothermic process in the gas phase. Calculated absorp-
tion energies and emission energies of the dual fluorescence,
oscillator strengths, and dipole moments are given in Fig. 4
and Tables II and III.
FIG. 4. Potential energy profiles of the singlet LE and CT states along the
amino twist coordinate in DMABNsGS: ground state; TGS: twisted ground
stated.
TABLE III. The Calculated transition momentssTM in a.u.d, oscillator strengthsfd, and lifetimesst in sd of the
low-lying excited states by SOC calculations for DMABN.
Nontwisted Twisted
State TM f t State TM f t
3T1 0.000 09 6.70310
−10 3.02 3TT1 0.000 01 9.44310
−12 164.68
3LE 0.000 18 3.63 10−9 0.30 3TICT 0.003 80 1.41310−6 0.001 03
1LE 0.436 87 0.02 4.79310−8 1TICT
3T3 0.000 02 4.61310
−11 22.64 3TLE 0.000 63 4.37310−8 0.026
1CT 1.435 69 0.31 2.06310−9 1TLE 0.079 58 7.01310−4 1.61310−6
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C. Charge-transfer triplet states of DMABN
1. Electronic and geometric structures of the low-
lying triplet states
The locally triplet excited state and the intramolecular
charge transfer triplet state are studied by CASSCF. The op-
timized geometries are presented in Fig. 5. Table II presents
their relative energetics and dipole moments.
Calculated results indicate that the first triplet states3T1d
from the charge-transfer excitation has a near planar struc-
ture, where the NsCH3d2 group is evidently off the phenyl
ring. For comparison, the most stable triplet state was opti-
mized by B3LYP. The B3LYP optimization reveals that the
amino group in the lowest triplet state is still off the phenyl
ring plane, to a less extent. Such geometrical distortion and
interactions between unpaired parallel-spin electrons result
in that the3T1 state does not exhibit a large dipole moment
sB3LYP: m=9.25 D, CASSCF:m=5.64 Dd in comparison
with the 1CT state. In the3T1 state, two parallel-spin elec-
trons are basically distributed over the amino nitrogen N7
and neighbor phenyl carbon atoms, which gives rise to
strong repulsion interactions between the amino group and
the phenyl, leading to the amino group off the phenyl plane.
The 3T1 state is much more stable than other low-lying trip-
let states. This is in agreement with the fact that the near
planar structure is proposed as the only form of the observed
triplet state in polar and nonpolar solvents by the time-
resolved study.38
The next3LE state has an optimized conjugated planar
structure with an extraordinary small amino pyramidalization
angle sv=2.5°d, which makes a considerably short C4–N7
bond s1.346 Åd. Like the 1LE state, the3LE state has an
expanding phenyl ring.
As shown in Table II and Figs. 3 and 5, the3TICT state
has almost the same geometry as the1TICT, and they are
quite close in energy, which is in good agreement with the
results of the recent coupled-cluster method.28sbd The lowest
twisted triplet states3TT1d from thepmolecule→pacceptor* exci-
tation has a short C4–N7 bond and a quinoidal ring with the
CC bond lengths of 1.475, 1.333, 1.475 Å. The twisted3LE
s3TLEd state is less stable than the3TICT state by 0.51 eV at
the CASSCF level of theory.
2. Deactivation processes of photo-excited DMABN
Generally, the dipole radiative transition is determined
by the transition moment while the radiationless transition
such as the internal conversionsICd is determined by the
vibronic coupling matrix element. The vibronic coupling is
approximately associated with the electronic transition
moment.61 We performed SOC calculations withGAMESS
program package46 to investigate the deactivation processes
of DMABN. The calculated transition moments, oscillator
strengths, and lifetimes of the low-lying states are given in
Tables III and IV.
As Table III shows, the oscillator strengths for the elec-
tronic excitations to the triplet states in the planar structure
are quite small, in the magnitude of 10−9–10−11. Therefore,
such planar triplet states cannot be populated by the direct
singlet–triplet transitions. Although the oscillator strengths of
the singlet–triplet transitions for the twisted form of
DMABN are slightly larger than those for the planar struc-
ture, it is also less possible to access the twisted triplet states
directly, owing to lack of stability for the twisted form of
DMABN in the ground state.
Experimentally, the triplet–triplet transitions were
observed.13,33 Predicted state–state transition moments in
Table IV are generally large, showing that the transitions
FIG. 5. Optimized geometries of selected low-lying
triplet states of DMABN.
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among triplet states should be facile upon the formation of
the low-lying triplet states. For example, a large transition
moment of 1.81 a.u. for the3T1–
3T6 transition is found for
DMABN in the planar structure. The3T6 state is originated
from the pmolecule→pacceptor* excitation, lying at 2.16 eV
above the3T1 state by TD-B3LYP. The
3T1–
3T6 transition
can be attributed to the triplet–triplet absorption band at
,550 nm s2.25 eVd observed in laser flash photolysis of
DMABN in both n-hexane and ethanol solutions by Köhler
et al.13
It is noteworthy that theSn→Tn conversions have tran-
sition moments in the magnitude of 10−3–10−5, and thus the
low-lying triplet states can be formed through the intersys-
tem crossingsISCd processes as suggested experimentally.34
For example, the transition moments of1LE–3LE and
1CT–3LE ISC processes are 1.4310−4 and 1.6310−4, re-
spectively. The3LE state can be formed through the strong
GS→ 1LE and GS→ 1CT excitations first, followed by the
ISC processes. The internal conversionsICd between the3LE
and 3T1 leads to the most stable
3T1 state.
The twisted1TICT and 3TICT states are quite close in
energy. However, an efficient ISC from1TICT to 3TICT is
unlikely to occur owing to quite small transition moment of
0.000 07 a.u. for the process. The electronic excitation from
the twisted ground-state form to the3TICT state has the larg-
est oscillator strength of 1.41310−6 among singlet–triplet
transitions considered here. However, the direct population
of the 3TICT state is unlikely unless the twisted form of
DMABN in the ground state has enough stability for the
photon excitation.
The 3TICT state and the twisted lowest triplets3TT1d are
close in energy, and there is a notable transition moment of
0.001 95 a.u. for the3TICT–3TT1 conversion. It can be ex-
pected that both states might be in an equilibrium through
vibronic coupling once any state is accessed.
The ISC process from1TICT to 3TT1 may take place as
a result of a relatively large transition moment of
0.001 94 a.u. The3TT1 state has quite long lifetimest
<165 sd and it easily decays into the most stable planar form
3T1. The
3T1 state backs to the ground state with the phos-
phorescence emission at 3.38 eV by CASSCF or 3.16 eV by
TD-B3LYP. The predicted emission energy of the3T1 state is
comparable with the experimental phosphorescence of
2.82 eV.13
Gathering up these SOC results, we might assume that
the nonradiative deactivation mechanism of DMABN in the
singlet excited states as follows:
sid 1CT→ 1LE → 3LE → 3T1 → GS,
1CT→ 3LE → 3T1,
1LE → 3LE → 3T1,
sii d 1TICT → 3TT1 → 3T1, s4d
1TICT → 3TT1 → TGS,
1TICT → 3TT1 ↔ 3TICT → TGS.
As the above scheme displays, the3TICT state is probably
involved in the ISC process through an equilibrium with the
3TT1 state, and its transient presence makes experimental
detection difficult.
On the basis of present results, a plausible scheme for
the deactivation of photo-excited DMABN is suggested in
Fig. 6. Fluorescence emission, IC, and ISC processes are in
competition with each other in deactivation of the photo-
excited DMABN. However the small energy gap and notable
transition moments between singlet and triplet statess1LE
and 3LE; 1TICT and 3TT1d make the ISC process become a
dominant deactivation channel. The deactivation mechanism
agrees with experimental investigations.13,34
IV. CONCLUSION
Geometries and vertical transition energies of DMABN
and its derivatives 3MDMABN and TMABN have been in-
vestigated by B3LYP, TD-B3LYP, and CASSCF approaches.
Theoretical calculations show notable effect of the substi-
tuted methyl group in the phenyl ring on the ground-state
structure and excited-state properties. Extensive CASSCF
calculations have been used to optimize the geometry of the
low-lying singlet and triplet excited states in DMABN. Plau-
sible mechanisms for the photoinduced charge-transfer pro-
cess and photophysics of the singlet and triplet excited states
of DMABN have been explored by the SOC treatment. The
conical intersection of the1LE and 1CT states is located at
the amino twist angle of 48.5° along the ICT reaction coor-
dinate by the state-averaged CASSCF calculation. The ICT
reaction and dual fluorescence mechanisms of DMABN have
been elucidated with the state-crossing model.
The electronic and geometric structures of the low-lying
triplet states of DMABN in planar and twisted forms have
been determined. The lowest triplet state from the charge
transfer excitation is nearly planar with a small dipole mo-
ment. The3TICT state, close to1TICT in energy, can be in
an equilibrium with3TT1 via the IC process. The
3TT1 state
may decay to the most stable triplet state3T1 in the planar
structure. The lowest triplet state3T1 can arise from the ISC
process and it accounts for the phosphorescence emission at
2.82 eV.13 Present results indicate that the ISC process from
TABLE IV. State–state transitions momentssTM in a.u.d for DMABN.
Nontwisted Twisted
State–state TM State–state TM
3T1–
1LE 0.000 04 3TT1–
1TICT 0.001 94
3T1–
1CT 0.000 06 3TICT–1TICT 0.000 07
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the low-lying singlet states to the lowest triplet state3T1 is
the primary deactivation channel of the photo-excited
DMABN.
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